Fluorinated organic compounds are applied as F2 laser resists due to their high transparency at 157nm. The relationship between numbers/positions of fluorine atoms in a repeating unit of the fluorinated polymers and their physical/chemical properties (solubility parameter and hydrophilicity) for F2 laser resist is discussed. Fluorine at suitable position improves hydrophilicity without lowering the solubility parameter.
1.Introduction
Resist exposed with F2 laser (157 nm) will be required for next-generation lithography, because resolving power of an optical image depends on the wavelength of the exposing light.
Recently, hydrophilic alicyclic platforms are thought to be indispensable materials for 70-110 nm node optical nano-lithography using ArF (193 nm) or F2 (157 nm) laser exposure system. However, if such a compound is applied as F2 laser resists, the extremely low transparency of organic compounds at 157 nm will cause problems.
Fluorinated organic compounds such as fluorocarbons are rather transparent to F2 laser light [1, 2] . However, these compounds are unsuitable for application as resist polymers because they are hydrophobic. Therefore the resist containing these polymers repels alkaline developer, and so is not fully developed. Although hexafluoro-2-propanol moiety (moieties) in the polymer is hydrophilic as a carboxyl group(s), its low solubility parameter due to so many fluorine atoms would often lower resist performance.
In this work, we discuss the relationship between numbers/positions of fluorine atoms in repeating unit and physical/chemical properties of fluorinated compounds. We propose novel polymers suitable for F2 excimer laser resists, which consist of bridged-alicyclic structure and fluorine atoms connecting to proper positions. F2 laser resist containing this novel polymer developed well and achieved good resolution.
2.Experimental
Solubility parameters and acidity of polymers were calculated with Project Leader program in CAChe molecular simulation system (Sony Tektronix (1996) ).
The copolymers containing fluorinated norbornene derivatives were prepared using free radical polymerization under a nitrogen atmosphere using 2,2'-azobis(2-methylpropionitrile) as a radical generator. VUVES4500-type F2 laser exposure system (Litho Tech Japan Corp.) [3] was used for flood exposure. Micropatterning was carried out using Ultratech XLS-157 (10X-reduction F2 lens system) with Levenson type phase shift mask.
3.Results and discussions 3.1 Molecular orbital calculations
Solubility parameters and acidity of polymers provide important information on the hydrophilicity of the resist materials. [4] [5] [6] An evaluation of solubility parameter(8) [7] is one of the most effective methods of predicting dissolution properties of resist polymers and the solubility parameter can be calculated with the following equation (eq.1).
bd is related to molar attraction constant per unit volume, oh is hydrogen bonding factor of the polymers and by is polarity parameter calculated by MOPAC.
Acidity of the polymers is another important factor in predicting dissolution characteristics of resists. Acidity of hydroxy group in monomers can be estimated from the partial atomic charge on acidic hydrogen.
The master curve in Fig.1 indicates the relationship between the calculated charge on acidic hydrogen and acidity of hydroxy group.
The pKa values of typical monomers can be estimated from this plot. Monomers introducing hexafluoro-2-propanol moiety were thought to be more acidic than phenols.
Results from calculation
Molecular orbital calculation was performed for poly(norbornene), shown in Fig.2 , which has a hydroxy group in a side chain as a model compound. The change in physical properties (solubility parameter and polarity of a hydroxy group) of the polymer introducing fluorine atom(s) and/or trifluoromethyl group(s) into R1 and/or R2 which are connected with the same carbon (a-carbon) as a hydroxy group were examined.
The content of fluorine in the model compound was considered in terms of two parameters, the number of the fluorine atoms and the number of fluorine-containing groups.
As regards the number of fluorine-containing groups, both a fluorine atom and a trifluoromethyl group are considered to be one group, respectively.
The numbers of fluorine atoms and fluorinecontaining groups of the model poly(norbornene) unit are listed in Table 1 , The relationship between the number of fluorine atoms and that of fluorine-containing groups in a unit, and polymer physical properties are shown in Figures 3 and 4 , respectively. Figure 3 shows solubility parameters of these compounds have a good relation to the numbers of fluorine atoms in the individual norbornene unit. Larger Van der Waals volume of fluorine atom makes solubility parameter higher, because the solubility parameter depends on the molecular volume. Acidity of hydroxy groups has a little relationship to F-atom number.
On the other hand, the numbers of the fluorine-containing groups are related to the acidity of the polymers (Fig.4) . Both a fluorine atom and a trifluoromethyl group affect the polarity of the hydroxy group connecting with the same carbon, and their effects on it are of the same degree.
Furthermore, the relationships between more general poly(norbornene) derivatives shown in Fig.S were calculated.
In this case, a number of fluorine atom equivalent was used instead of a number of fluorine atoms. A methyl group was counted as 1.65 fluorine atoms since the volume of a methyl group is 33.5 cm3 moll and 1.65 times larger than that of a fluorine atom (18--2O cm3 mol"1). [8] Figure 6 (upper) shows the good relationship between the solubility parameters and the numbers of fluorine atom equivalent. As an example, the solubility parameters of the polymer substituted by fluorine on Rl and that on R2 were similar (11.33 and 11.46, respectively). The number of fluorines, regardless of their positions, determines the solubility parameter.
On the contrary, Fig.6 (lower) shows the acidity of the polymers depends on the number of fluorine containing group equivalent. In this case, fluorine atom connected with next carbon atom to a-carbon (e.g. R1 as CH2F or R2 as F) was counted as a third of a fluorine-containing group. Since the polarity of hydroxy group of poly(acrylic acid) is calculated to be 0.24, acidity of poly(norbornene) derivatives with two fluorine-containing groups is considered to be a carboxylic acid.
Those of poly-(hydroxystyrene) and poly(vinylalcohol) are 0.217 and 0.197, respectively.
It means poly-(norbornene) derivatives with one or no fluorine containing groups are considered to have phenolic or alcoholic hydroxy groups, respectively.Next, the relationship between the positions of a fluorine atom and the polymer properties were examined with the calculation. Individual position of a fluorine atom of monofluorinated poly-(norbornene) is shown in Fig.7 . Relationships between the position of a fluorine atom and the polymer properties are shown in Fig.8 . Unfluorinated poly(norbornene) was also calculated and shown in Fig.8 as a reference (as number 1) .
Regardless of the position of a fluorine atom, monofluorinated polymers have solubility parameters similar to that of unfluorinated polymer. But the acidity of hydroxy group is a little affected by the position of fluorine.
On the other hand, introducing a fluorine atom directly connected to the a-carbon of hydroxy group strongly increased both the solubility parameter and the acidity of the polymer. This result is also shown in Fig.8 . Results from calculation are summarized as follows. In the case of fluorinated norbornenes, solubility parameters depend on the number of fluorine atoms and acidities depend on the number of fluorine-containing groups directly connecting with a-carbon of hydroxy group. Therefore, polymers containing norbornene derivatives, which have fluorine atom directly introduced into a-position of hydroxy group, should be suitable for F2 laser resists.
Resist performance
We have formulated two types of trial F2 resists containing fluorinated norbornene copolymers (Fig.9) as base polymers and triphenylsufonium derivative as a PAG. Figure 10 shows a cross section of FN-type2 trial resist pattern. FN-type2 resist resolves 90 nm pattern, though its pattern is heavily tapered due to its low transparency (Fig.11) .
Summaries
The properties of resist polymers can be estimated from solubility parameter and acidity.
The results from the calculation show that solubility parameters depend on the number of fluorine atoms and acidities depend on the number of fluorine-containing groups. Although trial resists did not show good sensitivity and resolution, those resists have good etching resistance.
Transparency of resists should be improved in terms of sensitivity and resolution.
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